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U(1)R mediation from the flux compactification
in six dimensions
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Abstract. We consider a supersymmetric completion of codimension-two branes with nonzero tension in a 6D gauged
supergravity. As a consequence, we obtain the football solution with 4D Minkowski space as a new supersymmetric
background that preserves 4D N = 1 SUSY. In the presence of brane multiplets, we derive the 4D effective supergravity
action for the football background and show that the remaining modulus can be stabilized by a bulk non-perturbative correction
with brane uplifting potentials at a zero vacuum energy. We find that the U(1)R mediation can be a dominant source of SUSY
breaking for a brane scalar with nonzero R charge.
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Weak-scale supersymmetry(SUSY)[1], as a solution
to the hierarchy problem, has been considered as one
of the leading candidates beyond the Standard Model.
When SUSY is broken at the weak scale, however,
generic soft mass parameters would lead to unacceptably
large flavor and/or CP violations. In 4D gravity media-
tion scenario, there are contact terms between the visible
and hidden sectors,[ ci j
M2P
Q†i Q jQ
′†Q′
]
D
,
where Qi(i = 1,2,3),Q′ are visible and hidden brane
fields. Then, after hidden sector SUSY breaking(FQ′ 6=
0), flavor violating soft masses would be generated as
m2i j = ci jm
2
0 for ci j 6= δi j.
In higher dimensions, on the other hand, the hidden
and visible sectors can be localized on different branes
so that there would not be direct contact terms, which
is the sequestering mechanism[2]. The idea has been
first realized in 5D supergravity on S1/Z2 for which the
Kähler potential is derived[2] as K = −3ln(T + T † −
2Q†Q− 2Q′†Q′) where T is the radion chiral multiplet.
In view of the superconformal factor Ω = −3e−K/3, the
visible sector does not have a direct contact term to either
the hidden sector or the radion multiplet. It has been
shown[3] that even after the radion is stabilized by brane
and bulk non-perturbative corrections, the soft mass of
the visible scalar vanishes at tree level. Thus, anomaly
mediation[2, 4] could be a dominant source for nonzero
soft masses in the visible sector. However, due to the
negative slepton mass problem, one needs to rely on the
other mechanism of SUSY mediation.
In D > 5 dimensions, the generic Kähler potential
is not a sequestered form[5] as K = −p ln(T + T † −
2Q†Q− 2Q′†Q′) with p 6= 3. So, there exist direct cou-
plings of the visible sector to both the hidden sector and
the modulus multiplet. For p = 1, a 6D ungauged su-
pergravity compactified on an orbifold1 T 2/Z2 has been
considered[6]. In this case, when ∂TW = 0 for which the
T modulus is unfixed, a brane scalar soft mass vanishes
at tree level[6]. But, once the T modulus is stabilized by
a T -dependent superpotential, the brane scalar soft mass
does not vanish due to modulus mediation[6].
In this talk, we consider a flux compactification in a
6D gauged supergravity with codimension-two branes.
The U(1)R gauge flux in the internal dimensions is turned
on to stabilize the T modulus as well as the shape mod-
ulus. Salam and Sezgin[7] obtained a unwarped solution
M4 × S2 for which 4D N = 1 SUSY remains and only
the dilaton S is left unfixed. We show that 4D N = 1
SUSY is preserved under the deformation of S2 to a
football geometry with nonzero brane tensions[8]. In the
presence of brane multiplets on the football[9], we derive
the 4D effective supergravity with bulk and brane light
modes, and find that after the S modulus is also stabilized
by bulk gaugino condensates below the compactification
scale, the U(1)R mediation2 is the dominant source of the
SUSY breaking for the visible brane scalar with nonzero
R charge.
The 6D chiral gauged supergravity[11] is com-
posed of a gravity multiplet(eAM,ψM,B+MN), and a tensor
multiplet(φ ,χ ,B−MN) as well as a vector multiplet(AM,λ ),
which gauges the U(1)R symmetry. Then, 6D anomalies
can be cancelled for 244+nV −nH = 0 where nV ,nH are
the numbers of vector and hyper multiplets, respectively.
1 The dilaton S and the shape modulus τ can be stabilized by a modular
invariant superpotential given for bulk gaugino condensates.
2 See Ref. [10] for the case in 4D supergravity.
The simplest possibility of the anomaly cancellation with
U(1)R is to introduce only nH = 245 hyper multiplets
containing neutral hyperinos.
The Salam-Sezgin solution has been generalized
to the unwarped or warped 4D Minkowski solu-
tions with nonzero brane tensions[12]. The La-
grangian for a brane tension, Lbrane = −e4T δ 2(y),
however, breaks the bulk SUSY explicitly as
δLbrane = −e4 14 T (ψ¯µ Γµε + h.c.)δ 2(y). In the gauged
supergravity, as the gravitino is charged under U(1)R,
varying the gravitino kinetic term gives rise to a piece of
the gauge field strength as
δLgravitino =− i2e6 gψ¯MΓ
MNPεFNP + · · · .
In the above, we rewrite the gauge field strength in terms
of the hatted one and a localized Fayet-Ilioupolos(FI)
term parametrized by ξ = T4g as[8]
ˆFmn = Fmn− ξ εmn δ
2(y)
e2
(1)
where εmn is the 2D volume form. Then, after a Z2
orbifold projection of half the bulk SUSY on the brane
with εR(y = 0) = 0, we can cancel the brane tension
term by the variation of the gravitino kinetic term. The
strength tensors for the gauge field and the KR field
appearing in the bulk action and the fermionic SUSY
transformations are replaced with the modified ones[8].
Even in the presence of the FI term, we maintain the
general warped solutions[8]. In particular, for a constant
dilaton and ˆFρθ = 4gερθ , the football solution is obtained
as
ds2 = ηµνdxµdxν +
r20
4
(dρ2 +λ 2 sin2 ρdθ 2) (2)
with r20 =
1
2g2 . Two codimension-two branes with equal
tensions T1 = T2 = 4pi(1−λ ) are located at the poles of
the football. The gauge field strength is modified due to
the localized FI terms as Aθ =− λ2g(cosρ∓1)± ξ12pi with
ξ1 = T14g . Then, the flux quantization condition imposes
the monopole number n = 1 while λ can be arbitrary. It
has been shown that the football solution preserves 4D
N = 1 SUSY due to the localized FI terms[8].
Brane multiplets can be also accommodated by
modifying further the field strength tensors and the
SUSY transformations[9]. For a chiral multiplet,
a brane scalar with R charge rQ has a mass term,
Lmass = −4rQg2|Q|2e4, while the fermionic partner of
the brane scalar having an R charge rQ − 1 is mass-
less. The gauge field strength picks up an additional
correction,
ˆFmn = Fmn− (ξ + rQg|Q|2)εmn δ
2(y)
e2
. (3)
The kinetic term for the brane chiral multiplet has a
dilaton coupling as Lkin = −e4e 12 φ (DµQ)†DµQ + · · ·
while the kinetic term for a brane vector multiplet does
not depend on the moduli. Moreover, the brane F and
D terms are LF = −e4eψ− 12 φ |FQ|2 (with FQ = ∂W∂Q for a
moduli-independent brane superpotential W , and eψ the
volume modulus) and LD =−e4 12 eφ D2, respectively.
Now we turn to the low energy supergravity with brane
multiplets for the football geometry. To that purpose, we
take the ansatz for the 6D solution as
ds2 = e−ψ(x)gµν(x)dxµdxν + eψ(x)ds22,
φ = f (x), ˆFMN = 〈 ˆFMN〉+FMN , (4)
where 〈 ˆFMN〉, FMN are the VEV and fluctuation of the
gauge field strength, respectively, and ds22 is the 2D met-
ric of the football solution. Then, by solving the 6D equa-
tions and the Bianchi identities for the modified field
strengths[9], we obtain
ˆGµmn =
(
− b+ 4gAµ +
Jµ
V
)
εmn, (5)
ˆFmn =
(
4g− rQg|Q|
2
V
)
εmn, (6)
where b = − 12Bmnεmn for the globally well-defined
B = B − 12 〈A〉 ∧A that satisfies δΛ0(dB)=0 for the
background gauge transform Λ0, Jµ corresponds to the
Noether current for brane multiplets, and V is the vol-
ume of extra dimensions for the football solution. After
plugging the above solutions into the 6D action together
with e f Gµνρ = εµνρτ ∂ τ σ and integrating over the extra
dimensions, we identify the Kähler potential as[9]
K = − ln
(1
2
(S+ S†)
)
− 2ξR
M2P
VR (7)
− ln
(1
2
(T +T †− δGSVR)− 1M2P
Q†e−2rQgRVR Q
)
where δGS = 8gR and ξR = 2gRM2P with gR = g/
√
V and
the scalar components of the moduli superfields S,T are
given by
S = eψ+
1
2 f + iσ , T = eψ−
1
2 f +
1
M2P
|Q|2 + ib
Here VR is the U(1)R vector superfield and Q is the brane
chiral superfield. On the other hand, the gauge kinetic
functions for the bulk and brane vector multiplets are
fR = S and fW = 1, respectively.
The 4D effective scalar potential is given by the U(1)R
D-term as
V0 =
2g2RM4P
Re(S)
[
1−
1− rQ2M2P |Q|
2
Re(T )−|Q|2/M2P
]2
. (8)
So, Re(T ) = 1 and |Q| = 0 at the SUSY minimum with
a zero vacuum energy while Re(S) is undetermined.
Then, the effective brane scalar mass vanishes due to the
cancellation between the brane mass term and the flux-
induced mass term.
In order to stabilize the S modulus, we assume that
the bulk gaugino condensates generate an S-dependent
superpotential W (S). For instance, the double gaugino
condensates would lead to a racetrack form, W (S) =
Λ1e−β1S +Λ2e−β2S. We denote the resulting additional
potential by V1 = eK(|DSW |2K−1SS† − 2|W |2)/M2P. For
|β1 − β2| ≪ β1, the potential is minimized at a large
Re(S). After the S modulus is stabilized, there appears
a negative vacuum energy, which needs to be lifted up
to a small positive vacuum energy by means of the F
and/or D terms on the hidden brane. Including the non-
perturbative correction and the uplifting potentials, the
4D scalar potential becomes
Vtot =V0 +V1 +V2 +V3 (9)
with V2 = 1Re(S) |FQ′ |2 and V3 = D
2
2(Re(T )−|Q|/M2P)2
. Then,
|Q|= 0 is still the minimum for rQ(Re(T )−1)> 0, while
the minimum of Re(T ) is shifted to
Re(T ) =
1+ 12 αD
2
1− 12 αRe(T )V1
; α ≡ Re(S)
2g2RM4P
. (10)
The S modulus is also determined approximately by FS =
0 although it is shifted a bit by the brane F-term.
After fixing all the moduli at the zero vacuum energy,
we find that the U(1)R D-term is the only source of
SUSY breaking at tree level for a brane scalar. The soft
brane scalar mass is given by
m2Q =
VQ†Q
KQ†Q
∣∣∣∣Q=0 = rQ gRDR|Q=0
=
D2 +Re(T )V1
1− 12 αRe(T )V1
1
2 rQ
Re(T )M2P
. (11)
A brane scalar with rQ = 0 has a vanishing mass at tree
level. Since the T modulus is stabilized by the U(1)R
D-term, the functional form of the scalar potential is
V = V (Re(T )−|Q|2/M2P) for rQ = 0 so it is understood
that ∂TV = 0 gives rise to VQ†Q = 0. When the gravitino
mass is much smaller than the mass of an anomalous
U(1) gauge boson relevant for the brane D-term, the F-
term uplifting is dominant[13]. For example, we assume
that the uplifting potential is given solely by the F-term
with W = W (S) + µ2Q′+Wv(Q), i.e. FQ′ = µ2. Then,
for the vanishing vacuum energy condition |FQ′ |2 ≃
−Re(S)Re(T )V1 = Re(S)Re(T )(2m23/2M2P − |FS|2) with
αRe(T )V1 ≪ 1, the brane scalar mass becomes m2Q ≃
−rQ
(
m23/2 − 12 |FS|
2
M2P
)
. So, for a negative R charge of the
brane scalar, the U(1)R mediation may be rendered dom-
inant over anomaly mediation for solving the slepton
mass problem. On the other hand, when the SM gauge
fields are localized on the brane, there is no tree-level
gaugino mass due to their trival gauge kinetic functions.
Then, the gaugino masses are given by anomaly media-
tion so they are loop suppressed compared to the U(1)R
mediated soft scalar masses.
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